Shiga toxin producing Escherichia coli is a contaminant of food and water that causes a diarrheal syndrome followed by more severe disease of the kidneys and symptoms of the central nervous system in humans. The isolation of Shiga toxin producing Escherichia coli (STEC) from diarrheic and apparently health calves is difficult due to lack of differential phenotypic characteristics from nonpathogenic Escherichia coli. The improvement of molecular technology allows identification of both toxin and serogroup specific genetic determinants. In this study, 300 fecal samples from diarrheic and apparently healthy calves were screened for STEC using PCR targeting Shiga toxin determinants. In addition routine culture methods for isolating O157 and non O157 STEC were also performed. The screening assays of serotyping isolates revealed 7 (4.1%) of O157H7, 156 (92.8%) of non O157 and 5 (3.1%) for untypable strains. These included STEC serotypes of O157H7 and O26 from diarrheic samples, and O78, O55 and O126 from apparently healthy calves. The high rate of STEC isolation and the diversity of STEC serogroup from calves focus the light on the importance of calves as reservoir of E. coli as well as motivate us to improve biosecurity measures in dairy farms.
INTRODUCTION
Cattle are considered the main reservoir of STEC (Bertin et al., 2001) . Escherichia coli is considered as an indicator of fecal contamination of water and food. More than 700 serotypes of Escherichia coli have been identified and the majority of these are non-pathogenic commensally in the human and animal gastrointestinal tract (Jang et al., 2017) .
However, a small percentage of Escherichia coli serotypes have the ability to cause infections ranging from wound infections to fatal meningitis in humans of all age groups Riley (2014) .The pathogenic Escherichia coli represents a small group of highly specialized strains or serotypes which have specifically evolved to infect humans and animals (Gomes et al., 2016) .
The primary virulence factor of STEC is the production of one or more Shiga toxins. Shiga toxins (Stx) are of two types: Stx1, which is more or less identical to the toxins produced by Shigella dysenteriae Stx1 and Stx2, which has about 60% similarity with Stx1 (Krüger and Lucchesi, 2015) and (Steiner, 2016) . Stx1 is more conserved compared to Stx2 with few variants such as Stx1c and Stx1d, while several sequence variants of Stx2, Stx2a, and Stx2b, Stx2c, Stx2d, Stx2e, Stx2f , and Stx2 genes have been reported (Baranzoni et al., 2016) .
Although roughly 400 serotypes of STEC produce shiga toxins, all of them are not implicated in human infections. Serotype O157:H7 is the most common serotype involved in severe cases of infections leading to HUS and HC, and majority of the large scale out breaks of STEC infections have been associated with this serotype Gould et al., (2013) . In addition to Escherichia coli O157:H7, numerous non O157 Shiga toxin producing Escherichia coli (STEC) serogroups caused outbreaks and severe illness, including hemorrhagic colitis (HC) and hemolytic uremic syndrome (HUS) similar to STEC O157. (Gould, 2013 and Scallan et al., 2011) . In this study we aimed to estimate the prevalence of E.coli associated with calf diarrhea, with serotyping of isolated strains and molecular detection of virulence genes in isolated strains.
MATERIAL AND METHODS
Fecal Samples were collected from a total of 300 calves (200 apparently healthy and 100 were diarrheic) from rectum and immediately transported in an ice box to the laboratory, being stored at 3 ºc ± 1ºc for no longer than 2 hrs. For bacteriological examination according to Cheesbrough 1985; samples were inoculated in modified trypticsoya broth with novobiocin 20mg/l at 37ºC for 18-24 hrs. Then subcultured on MacConkey Sorbitol agar medium. Suspected colonies were picked up and streaked on nutrient slope and then preserved on semisolid nutrient agar for further biochemical identification and molecular identification; while for long term preservation isolates were stored at −80 • C in tryptic soya broth (TSB) (Becton Dickinson and Co., Sparks, MD) containing 10% glycerol.
Suspected isolates of E. coli were subcultured on MaCconkey agar medium and incubated for 24 hrs at 37 o C. Three to five colonies of the growth were suspended in 3 ml saline, and kept in water bath at 100 o C for 1hr, then centrifuged at 2000 rpm. The supernatant was poured and the precipitate was kept, to which 0.5 ml saline was added. E. coli serotyping was done in the Reference Laboratory at the Institute for Animal Health Research in Dokki, Egypt. The Mast Diagnostics Kit ® (Mast Group Ltd., Merseyside,UK) was used to identify of E. coli using polyvalent Antisera table (1).
Seventeen strains of E. coli isolates were examined for the detection of the 4 genes (eaeA, hly, stx1, and stx2) which included 2 shiga toxin genes using PCR. DNA had been extracted using Wizard Genomic DNA Purification kit according to Promega ® technical manual. The resulting DNA template was stored at -20°C until further use. PCR were done using DreamTaq Green PCR Master Mix (2X) (Thermo Scientific ® ) and Primers were supplied from Metabion ® (Germany). The primers sequences shown in Table ( 2). The PCR mix and protocol table (3, 4, 5) were done according to according to (Dipineto et al., 2006 , Bisi-Johnson et al., 2011 and Piva et al., 2003 
RESULTS
The present study was carried out for isolation of shiga toxin producing Escherichia coli from diarrheic and apparently health calves. The results showed in Table ( 6) revealed that 168 samples were positive for Escherichia coli with percentage of (56%) and 132 samples were negative for E. coli with percentage of (44%). Serological identification of the isolates revealed that 7 (4.1%) of O157H7, 156 (92.8%) of non O157 and 5 (3.1%) were untypable strains (table  7) . In this study 2 strain of O157H7,O26 and 2 untypable strains from diarrheic samples and 5 strains of O157H7, O78, O55, O126 and 3 untypable strains from apparently health calves. In the current study, seventeen isolate strains of shiga toxin Escherichia coli were tested by PCR.
The test detected 8 (47.1%), of eae, 5 (29.4%) of stx1 and 6 (35.3%) for hly gene, while stx2 could not be detected in all isolates tested (Table 8) .eae genes were detected at 248bp, stx1 and Stx2 gene were detected at 614 and 779bp and hly genes were detected at 1177 bp; figures (1, 2, 3, 4, 5 and 6). Stx1 gene founded in five samples of apparently health calves which have serotypes (two of them are O157H7, one strain was untypable, another was O55and the last strain was O126).
DISCUSSION

Livestock feces may contain a variety of
Escherichiacoli O157 strains and this study confirmed this observation. We isolated both STEC O157 and non STEC O157 from 300 calves' fecal samples. Shiga toxin producing Escherichia coli (STEC is recognized as an important food borne pathogen) responsible for sporadic cases to serious outbreaks worldwide. The morbidity and mortality associated with several recent outbreaks due to STEC have highlighted the risk of this organism poses to public health. Since its discovery in 1982 (Keen, 2006) .
There are at least 100 serotypes of Escherichia coli that are capable of producing Shiga toxins. However of these serotypes Escherichia coli O157:H7 is the most well-known to both microbiologists and the general public Nataro and Kaper (1998). In the USA, Escherichia coli O157:H7 and the top six nonO157 STEC (O26, O45, O103, O111, O121, and O145) cause the majority of the food borne illnesses and outbreaks. However other emerging STEC serogroups including O113 and O91 have caused outbreaks and serious illness in the US and in other countries (Paton et al., 1999 , Brooks et al., 2005 , Johnson et al., 2006 , Bettelheim, 2007 and Mellmann, et al., 2009 .
Escherichia coli were isolated from diarrheic and apparently health calves as shown in Table (8). 168 samples were positive for Escherichia coli with percentage of (56%) and 132 samples were negative for Escherichia coli with percentage of (44%).
A total of 168 isolate Escherichia coli strain were typed serologically. There is 7 (4.1%) of O157H7 (2 isolates isolated from diarrheic samples and 5 isolates isolated from apparently health calves), 156 (92.8%) of non O157 and 5(3.1%) for untypable strain (2) untypable isolates isolated from diarrheic sample and 3 untypable isolates isolated from apparently health). As well as O26 had been isolated from diarrheic sample, while O78, O55 and O126 had been isolated from apparently health calves.
Our results agree with reported by (Martin, 2011) , Studies by (Ferreira, et al., 2014 and Freitas-Filho, et al., 2014) ; they reported that ruminants in particular healthy cattle and sheep are the main reservoirs of STEC by passing the fecal route and acting as a source of contamination of animal products thus representing a potential pathogenic threat to human health. Also Persad and LeJeune (2014) ; reported Escherichia coli O157:H7 has a high prevalence among domestic cattle and other domestic animals and is found in the feces, hides and hair of infected animals.
Serological typing showed that 7 strains of O157H7 with percentage of (4.1%), non O157H7 156 with percentage of (92.8%) while 5 (3.1%) for untypable strains. These data are in agreement with the results of other researchers by (Brooks, et al., 2005; Johnson, et al., 2006; Bettelheim, 2007 and (Mellmann, et al., 2009) they reported Escherichia coli O157:H7 and the top six non O157 STEC (O26, O45, O103, O111, O121, and O145) cause the majority of the foodborne illnesses and outbreaks, however other emerging STEC serogroups including O113 and O91 have caused outbreaks and serious illness in the US and in other countries. In this work we also identified non STEC O157 in healthy and diarrheic calves included of O26, O78, O55 and O126.
Escherichia coli O157:H7 has been found in cattle of several countries including the USA, Canada, Germany, Spain, England, and Scotland (Armstrong, et al., 1996) . Outbreaks have also occurred in these countries as well as in Japan (Michino, et al., 1999) . Also our data are in agreement with the results of other researchers.
Cattle are considered to be the chief animal reservoir for Escherichia coli O157:H7 which is a temporary member of their normal gut microflora; Escherichia coli O157:H7 has been isolated from many healthy cattle and has not been shown to be a pathogen in these animals Caprioli et al., (2005) . Cattle seem to lack vascular receptors for shiga like toxins (PruimboomBrees et al., 2000) . Escherichia coli O157:H7 has also been isolated from other animals including deer (Diaz et al., 2011 ), sheep (Urdahl, et al., 2003 , horses (Lengacher, et al., 2010) , goats (Mersha, et al., 2010) , and dogs (Kataoka, et al., 2010) .
Traditional methods for detecting and identifying STEC are labor intensive and time consuming. Commercially available ELISA kits and molecular methods like PCR have reduced the time and labor involved in the analysis of food products and fecal samples. The PCR technique works primarily on the detection by amplification of specific nucleotide sequences with the help of different sets of oligonucleotide primers and restriction endonucleases (RE) generally up to the size of genes. This amplified DNA/nucleic acid end product is detected by gel electrophoresis. PCR amplification of stx gene sequences present in fecal samples has been accepted as the most sensitive and specific means for STEC screening (Paton and Paton, 1998) .
Several PCR-based methods are available for the detection of Escherichia coli O157:H7 and non O157 STEC by amplifying various target genes Chen and Real time (2012) .Target genes such as (stx, eae and fim) had been used by many researchers for detection of Escherichia coli as (Gannon, et al., 1992; Deisingh, 2004; Barletta, et al., 2009; Scallan, et al., 2011 and Baliere, et al., 2015) .
In the current study, 17 isolate strains of Escherichia coli were tested by PCR (7 strain O157H7 and 5 strain non O157H7 in addition to 5 untypable strainswe found8 (47.1%) of eae, 5 (29.4%) of stx1 and 6 (35.3%) for hly gene, while stx2 could not be detected in all isolates tested. These data are in agreement with the results of other researchers which revealed the higher production of stx1 than stx2 Sidjabat- (Tambunan, 1997) . Also Njage et al., (2012)who reported 77.7% of the STEC were stx1 positive, 18.5 %, eae positive 3.1% and stx2 positive and 0.8 %.Also other study for PCR analysis of 49 Escherichia coli O157:H7 and 209 non-O157 isolates recorded by (Oporto, et al., 2008) who showed a different distribution of virulence genes, all Escherichia coli O157:H7 were stx 2 gene positive, eaeA was detected in 95.9% and the toxigenic profile stx 2 was present in 75.5% of the isolates, among the non O15 7 STEC, prevalence of eaeA was significantly lower (5.3%) and EhlyA was present in 50.2% of the isolates but only sporadically associated with eaeA.
Also other study by Moura et al., (2012) showed the frequency of the eae gene was higher in isolates from diarrheic calves 35/58 (60.3%) than in non-diarrheic calves 8/43(18.6%).The gene for Stx1 occurred at high frequencies in the diarrheic strains 24/58 (41.3%) as well as in non-diarrheic 19/43 (44.2%) and all strains that were Stx positive by PCR showed cytotoxicity in Vero cells.
All STEC strains are able to produce Shiga toxins (Stx) (their main virulence factor). A single STEC strain may carry one or more Shiga toxinencoding genes (stx) in their genome. Indeed, strains carrying three or more stx subtypes have been described by (Bertin, et al., 2001; Eklund, et al., 2002 and Krugeret, et al., 2011) . STEC may be important in calves since Stx toxin can be involved in economic losses and important to the human health, since these animals could be carriers to humans. STEC is important for the herd since Stx can be responsible for economic losses and a threat to human health as animals can be carriers to humans. Cattle are considered to be the major reservoir of STEC worldwide (Aidar, et al., 2007) .
CONCLUSSION
It is clear that STEC are highly pathogenic where virulence is not dependent on a single gene or gene product but is a multifactorial process. The high rate of STEC isolation and the diversity of STEC serogroupsindicated that calves are important reservoirs of STEC. So that strict biosecurity measures must be applied in dairy farms and dairy products. (Dipineto etal., 2006 (Piva et al., 2003 , Dipineto etal., 2006 and Bisi-Johnson et al., 2011 : Baranzoni, G.M., Fratamico, P.M., Gangiredla, J., Patel, I., Bagi, L.K., Delannoy, S., Fach, P., Boccia, F., Anastasio, A. and Pepe, T. (2016): Characterization of Shiga toxin sub types and virulence genes in porcine Shiga
Final extension
